Methodologies for screening of bacteria-carbohydrate interactions: anti-adhesive milk oligosaccharides as a case study.
Many studies have demonstrated the capacity of glycan-based compounds to disrupt microbial binding to mucosal epithelia. Therefore, oligosaccharides have potential application in the prevention of certain bacterial diseases. However, current screening methods for the identification of anti-adhesive oligosaccharides have limitations: they are time-consuming and require large amounts of oligosaccharides. There is a need to develop analytical techniques which can quickly screen for, and structurally define, anti-adhesive oligosaccharides prior to using human cell line models of infection. Considering this, we have developed a rapid method for screening complex oligosaccharide mixtures for potential anti-adhesive activity against bacteria. Our approach involves the use of whole bacterial cells to "deplete" free oligosaccharides from solution. As a case study, the free oligosaccharides from the colostrum of Holstein Friesian cows were screened for interactions with whole Escherichia coli cells. Reductions in oligosaccharide concentrations were determined by High pH Anion Exchange Chromatography and Hydrophilic Interaction Liquid Chromatography (HILIC-HPLC). Oligosaccharide structures were confirmed by a combination of HILIC-HPLC, exoglycosidase digestion and off-line negative ion mode MS/MS. The depletion assay confirmed selective bacterial interaction with certain bovine oligosaccharides which in previous studies, by other methodologies, had been shown to interact with E. coli. In particular, the bacterial cells depleted the following oligosaccharides in a population dependent manner: 3'-sialyllactose, disialyllactose, and 6'-sialyllactosamine. The assay methodology was further validated by studies in which we demonstrated the inhibitory activity of 3'-sialyllactose, and a mixture of bovine colostrum oligosaccharides, on E. coli adhesion to differentiated HT-29 cells.